Uncouplers preserve the respiratory function in the heteroplasmic Saccharomyces cerevisiae cells carrying wild type and non-functional mitochondrial DNAs  by Knorre, Dmitry A. et al.
S2.P10
Uncouplers preserve the respiratory function in the
heteroplasmic Saccharomyces cerevisiae cells carrying
wild type and non-functional mitochondrial DNAs
Dmitry A. Knorre, Julia E. Karavaeva, Ekaterina A. Smirnova,
Svyatoslav S. Sokolov, Fedor F. Severin
Belozersky Institute of Physico-Chemical Biology, Lomonosov Moscow
State University, Russia
E-mail address: knorre@belozersky.msu.ru
A number of pathologies are associated with the presence of non-
identical mitochondrial DNA (mtDNA) molecules within a single
cell (heteroplasmy). The latter is usually due to the large deletions in a
subset of mtDNAs. The short copies of mtDNA have an advantage
in replication and eventually displace the functional mtDNA. We
proposed that mitochondrial uncouplers can change the competition
conditions in favor of the functional mtDNAs. Here we tested this
by mating of the two Saccharomyces cerevisiae strains: mat a with
the wild type mtDNA (rho+) and mat alpha with hypersuppressive
mutant mtDNA (HS rho–). Then we measured the percentages of the
obtained diploid cells whichwere not able to grow on non-fermentable
carbon source. These percentages reﬂect the efﬁciency of HS rho–
mtDNA in the displacement of wild type rho+mtDNA. It was found that
uncouplers FCCP and pentachlorophenol decrease the frequency of
such displacement. Unlike the uncouplers, the inhibitors of respiratory
chain, an inhibitor of ATP synthase oligomycin or antioxidants (alpha-
tocopherol, N-acetylcysteine) did not show such an effect. Furthermore,
it was found that suppression of DNM1 (a key mediator of mitochon-
drial ﬁssion) signiﬁcantly diminishes the effect of FCCP. We argue that
uncouplers decrease the frequency of mitochondria ﬁssion–fusion
cycles thus preventing the mixing of functional and non-functional
mtDNAs. As a result, the mitochondrial quality control machinery has
more time for the removal of mitochondria with non-functional
variants of mtDNA. We speculate that similar strategy could be applied
to multicellular eukaryotes for preventing clonal expansion of mtDNA
with common deletion.
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Human mitochondrial complex I (CI) dysfunction is often para-
lleled by increased ROS levels and aberrant mitochondrial membrane
potential andmorphology.We generated novel therapeutic molecules
(“KH-compounds”) and studied their multifactorial effects in primary
human skin ﬁbroblasts of Leigh syndrome (LS) patients with isolated
CI deﬁciency. KH-compounds speciﬁcally altered the amount/activity
of fully assembled CI, as well as cellular ROS level. Cluster analysis
highlighted various compound classes with distinct physicochemical
properties and cellular effects. The best performing KH compounds
were analyzed at the single cell level using high-content microscopy,
mitochondrial morpho-functional ﬁngerprinting and machine learning
techniques. Compound KH003 which best counterbalanced mitochon-
drial morpho-functional aberrations in LS cells, was not cytotoxic and
displayed ROS scavenging properties. KH003 is currently tested in
animal models of mitochondrial disease to determine its therapeutic
potential.
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Cardiolipins (CL) are major and speciﬁc phospholipids of the
mitochondrial inner membrane known to be essential for mitochon-
drial functions such as the oxidative phosphorylation. However the
implication of CL in mitochondrial bioenergetics is not fully under-
stood, particularly in mammalians. In fact most of the data previously
published have used models of defective yeast mutants lacking
CL or cells derived from patients affected by the Barth syndrome
(tafazzinmutation).We have previously demonstrated an implication
of cardiolipins in cancer cachexia, a paraneoplasic syndrome, charac-
terized by a negative energy balance resulting from variable com-
bination of reduced food intake and hypermetabolismwith a systemic
inﬂammation. We have demonstrated CL involvement in the alter-
ation of rat liver mitochondria bioenergetics in cancer-induced
cachexia. The increase in CL content (+55% p b 0.05) was positively
correlated to the increase in energy wasting observed in liver
mitochondria of cancer cachectic rats (R2 = 0.64, p b 0.05). Energy
wasting was associated to a signiﬁcant decreased in ATP synthesis
efﬁciency. We conﬁrmed in vitro that liver mitochondria enrichment
with CL induced the increase in energy wasting and the reduction
in ATP synthesis efﬁciency. The aim of the present study was to
investigate the impact of the reduction in CL content on hepatic cell
bioenergetics, with a focus on efﬁciency of energy production. For this
purpose, we established recombinant HepaRG cells stably expressing
shRNA triggering the cardiolipin synthase (shCLS) that efﬁciently
reduced CL content (−55% p b 0.05). A signiﬁcant decrease in O2
consumption (−30%, p b 0.05) was observed at phosphorylating, non-
phosphorylating and uncoupling states using different substrates such
as succinate, glutamate +malate, palmitoyl-l-carnitine, palmitoyl CoA
and ascorbate + TMPD. These data demonstrated the impact of CL
reduction on the overall OXPHOS system, independently of nature of
the substrate and respiratory complexes involved. Interestingly, the
Abstractse28
